We argue that Treasury futures volume is generated by investors' differences in beliefs about future economic activity and therefore contains information about the future economy and financial markets. However, short-and long-term volumes contain different information, consistent with the idea that agents with different levels of risk aversion dominate these different segments of the market. A relatively higher volume in short-term (long-term) Treasury futures is counter-cyclical (pro-cyclical), thus preceding worse (better) economic and financial conditions. We construct a single factor from trading volumes with different maturities that forecasts the performance of Treasuries, corporate debt, and equity, as well as macroeconomic conditions. JEL Classification: G11, G12, G13
Introduction
Treasury futures trading volume is an important economic indicator that contains information about investors' beliefs (Xiong and Yan, 2010) and, therefore, can predict asset prices and macroeconomic conditions. We extend this stream of literature by arguing that the Treasury futures markets with different maturities attract agents with different preferences and, therefore, volumes in these different segments have different implications for future financial and economic conditions. We document that the volume of relatively short-term (long-term) Treasury futures is counter-cyclical (pro-cyclical), thus preceding worse (better) performances of debt and equity capital markets and deteriorating (improving) economic conditions. Further, we find a single factor combined of futures trading volumes that (i) explains yields and excess returns on Treasury securities, (ii) predicts the performances of corporate debt and equity, and (ii) forecasts macroeconomic conditions, including GDP, consumption, industrial production, and unemployment growth.
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Our research is motivated by the information content of the trading activity in the Treasury futures markets. Trading volumes, in particular, communicate market participants incentives to transact. To give a few examples, a bank that wishes to hedge its interest rate risk exposure from an underlying asset portfolio would short futures, an insurance company that expects to collect premiums and use the proceeds to purchase securities would long futures, and speculators who anticipate movements in rates can go either long or short futures.
Despite the direction of the trades, these examples show that market participants facilitate transactions through differences in information recognition and processing (Working, 1953; Grossman, 1975 Grossman, , 1977 and incentives to transfer risk (Hicks, 1946; Keynes, 1930) . Impor-1 As opposed to the usual textbook terminologies that use one-year or several months as the cut-off (e.g., Morgenson and Harvey, 2002) , we define the terms "short-term interest rates" and "long-term interest rates" relatively as the pricing of two-year, five-year, ten-year, and thirty-year Treasury securities. We do not include futures contracts on Treasury bills and other money market rates in this study, but only Treasury futures that are traded on the Chicago Board of Trade (CBOT of CME Group).
tantly, as differences in beliefs among market participants become larger, they have stronger incentives to take on positions against one another and collectively produce higher trading volumes as new information arrives. The basis of our motivation is thus that higher trading volumes are indicative of higher dispersion in the beliefs of market participants (Xiong and Yan, 2010) .
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Building on this foundation, we consider the economic differences between the trading volumes of relatively short-term and long-term Treasury futures. We argue that when investors transact more heavily in a certain segment of the market (e.g., a stronger focus on short-term rates), they aggregately convey information regarding their risk aversion and investment preferences.
3 While long-term interest rates are, to some extent, averages of sequential short-term rates, short-term and long-term spot rates are not identically determined. Due to the stickiness of prices, short-term rates are less likely to reflect economic fundamentals, but rather fluctuations in the demand and supply of money (Keynes, 1930 (Keynes, , 1936 : Demand is tied to the trade-off between opportunity costs and liquidity benefits of holding money; supply is determined by the central banking system. For extended horizons, stickiness dissipates and prices become flexible, allowing long-term rates to more heavily reflect fundamentals such as market expectations of economic activity and productivity (Hong and Yogo, 2012, argue similarly for overall open interest). For instance, compared to a change in real output, an alteration in money supply by itself would be less relevant for variations in long-term interest rates (Patinkin, 1987) .
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In sum, a higher volume in relatively short-term (long-term) futures is more (less) likely driven by reactions of market participants to uncertainties in the economic environment and reflects the lower (higher) level of aggregate risk aversion of the investors in those respective market segments (Beber et al., 2009; Guiso et al., 2015) . Since the trading volumes of short-term and long-term Treasury futures contain information about overall risk aversion and investor preferences, and therefore the corresponding interest rates, they should also have the capacity to forecast asset prices (Cochrane and Piazzesi, 2005) and real output fluctuations (Carlton, 1984; Martell and Wolf, 1987) . We are essentially asking the following research question: Can market activities in short-term and long-term interest rate futures contracts predict asset prices and macroeconomic conditions? Based on our interpretations of volume, we hypothesize so.
Our empirical approach to answering this question has three steps. First, we provide validation that futures trading volumes are indeed legitimate proxies for market participants' beliefs and attitude towards risk at the aggregate level. Second, we show that futures volumes predict the prices of debt and equity capital and macroeconomic variables. Third, we use
Treasury trading volumes to derive a common factor that bears forecasting power across capital markets and macroeconomic conditions.
5
In order to validate the use of futures trading volumes as empirical proxies for heterogeneous beliefs and risk aversion (i.e., the first step), we test Buraschi and Whelan's (2016) theoretical predictions regarding the relation between the level of disagreement (volume) and the dynamics of interest rates in different regimes of aggregate level risk aversion (i.e.
short-or long-term treasury futures markets). Lower risk aversion encourages speculation and introduces higher expected returns through the associated higher endogenous quantity of risk. Based on the substitution and wealth implications derived from intertemporal con-sumption choices, this leads to a lower present value of future consumption, making it less expensive and therefore more attractive relative to current consumption. As the demand for savings increases, short-term rates drop (i.e., the substitution effect from less expensive future consumption dominates). A higher level of risk aversion, oppositely, increases hedging demand and raises the drift of planned consumption today (i.e., the wealth effect dominates through the traditional channel of Lucas, 1978) .
We test the following three implicatons from this model: 1) short-term (long-term) volume would be associated with lower (higher) interest rates, with a stronger effect on shortterm rates; 2) The stronger effect of risk aversion on short rates relative to long-term rates also implies that the slope of the Treasury yield curve would be inversely related to risk aversion; 3) low risk aversion levels alongside differences in beliefs should have the power to predict positive excess bond returns. 6 Using data on two-, five-, ten-, and thirty-year
Treasury futures over the sample period of 1995 to 2014, we find what we expect. Specifically, the trading volumes of short-term (long-term) interest rate futures are associated with lower (higher) bond yields, larger (smaller) term spreads, and higher (lower) Treasury excess returns.
Next, we study the predicting power of Treasury futures volume in the corporate debt and equity capital markets, as well as for various macroeconomic variables (i.e., the second step identified above). We find statistically and economically significant support for our hypothesis: Our time-series regressions indicate that the futures volume of shorter (longer) maturity
Treasuries precedes worse (better) performance of the equity markets and is counter-cyclical (pro-cyclical) in predicting macroeconomic conditions. For corporate debt capital, the effect is only evident in junk bonds, where economic uncertainty is most relevant.
Finally, we construct a single, common factor that has predicting power across capital 6 Obtaining positive excess bond returns through the traditional Lucas channel for expected returns, as opposed to this speculative belief-driven channel, requires sufficiently high levels of risk aversion that cannot be empirically justified. markets and macroeconomic conditions using trading volumes of interest rate futures (i.e., third step of our main analysis). Applying principal component analysis, we extract two important principal components from our data (a pro-cyclical component and a counter-cyclical component) which are both linear combinations of the set of futures trading volumes.
7 Using a vector autoregressive framework (VAR), we find that a factor built as the difference between these two components (pro-less counter-cyclical) strongly predicts higher equity returns and better performance by low-rated bonds. It also predicts higher GDP, consumption, and industrial production growth, as well as lower unemployment.
We take numerous steps to ensure the robustness of our results. First, our findings are qualitatively similar when using open interest in place of trading volume. As opposed to trading volume that captures the amount of trading activity in specific markets, open interest (i.e., the total number of outstanding contracts) captures the flow of capital into those markets and therefore provides an alternative dimension to observe investor preferences and market expectations. Second, our findings hold in various subsamples (portfolio deciles) and are not specific to times of crises that our sample captures. Third, we employ alternative measures for macroeconomic indicators (e.g., the National Activity Index by the Chicago Fed) and financial market health (NASDAQ and NYSE indexes) and continue to find support for our arguments.
In sum, we identify the economic difference between the trading volumes of short-term and long-term Treasury futures as a source of information about future conditions of financial markets and macroeconomic variables. Controlling for other commonly accepted predictors (e.g., default spread, term spread, aggregate dividend yield, etc.), the informational content of short-term and long-term futures volumes remains economically and statistically 7 The pro-and counter-cyclical components are the second and first principals, respectively. Results from our analysis show that (i) these two principals explain 96.28% of the total variance in the full set of volume variables and that (ii) the first (i.e., counter-cyclical) component is largely driven by the 2-year and 5-year volumes, while the second (i.e., pro-cyclical) component is largely driven by the 30-year volume, hence the naming.
significant. We argue that Treasury futures volume, when dissected by underlying maturity, contains information regarding the aggregate level of risk aversion accompanying differences in beliefs that incentivizes transactions among market participants.
Our study, to the best of our knowledge, is the first to differentiate between the information contents of short-term and long-term Treasury futures trading. We add to the line of research that examines horizon-dependent risk aversion (e.g., Andries et al., 2015; Eisenbach and Schmalz, 2015) , the predictability of price and non-price statistics of interest rate futures on the macroeconomic conditions (Grossman, 1977; Samuelson, 1965; Hong and Yogo, 2012) , and, more generally, the information content of trading volume (Blume et al., 1994) .
We also contribute to the understanding of the relation between uncertainty and liquidity (Beber et al., 2009; Chung and Chuwonganant, 2014) .
8 Given the rising concerns among academics (Bloom et al., 2015; Pastor and Veronesi, 2011) , practitioners (Galston, 2013; Vojdani, 2015; Shelton, 2015) , and global facilitators (Lagarde, 2016a,b) regarding how uncertainty may impede economic growth, our results shed light on the understanding of the signaling power behind futures trading volumes.
9
In the proceeding parts of this paper, we describe our data and sample in Section 2,
8 Several studies, including Amihud and Mendelson (1991) , Kamara (1994), and Strebulaev (2002) , have conducted clean experiments on the pricing of liquidity using Treasury securities of different maturities. Other studies examine alternative dimensions. Krishnamurthy (2002) , for instance, captures the liquidity premium using the spread between off-the-run and on-the-run U.S. Treasuries. Longstaff (2004) compares Treasury bond prices to REFCORP (Resolution Funding Corporation) bond prices.
9 For the demand side of capital, business firms that face uncertainty may delay their potentially profitable investments due to the associated higher real option values (Ingersoll and Ross, 1992; Bloom et al., 2007) . Severe information asymmetry problems may also impair their abilities to pursue profitable long-term projects (von Thadden, 1995) or to correctly determine the optimal level of investment (Bebchuk and Stole, 1993) . Importantly, halts in corporate investments and hiring hinder the efficient allocation of capital and eventually slow down the economy (Bloom, 2009) . For the supply side, assertion coincides with anecdotes that flight-to-liquidity phenomenon quickly result in panics that lead to a crisis. Following the Russian debt crisis in 1998, for example, many investors switched into holding on-the-run Treasury securities for liquidity. This led to a widened spread between off-the-run and on-the-run securities that ultimately contributed to the collapse of Long-Term Capital Management (LTCM) in the same year (Lowenstein, 2000) . According to Ip (1998) , former Chairman of the Federal Reserve Alan Greenspan described the phenomenon as investors saying, "I want out. I don't want to know anything about whether a particular investment is risky or not. I just want to disengage." This passage is later quoted by Blustein (2003) and Longstaff (2004) , among many others.
present our main analysis in Section 3 (including the validation of using volumes to capture risk aversion that accompanies differences in beliefs in Section 3.1 and the predictions of lead market and macroeconomic variables in Section 3.2), conduct robustness checks in Section 4, and conclude in Section 5.
Data Sources and Sample
Our key variables consist of Treasury futures volume, together with macroeconomic and financial indicators. Information on Treasury futures is from Bloomberg; data on financial markets are from Bloomberg and CRSP (Center for Research in Security Prices at Chicago Booth); macroeconomic variables are from FRED (Federal Reserve Economic Data provided by the St. Louis Fed). Our sample period is from December 1994 to August 2014. Due to the nature of our data, the analysis of excess returns on Treasury securities and capital markets is executed at monthly level, while the analysis of macroeconomic variables is executed on a quarterly basis. Raw volumes data from Bloomberg are in daily increments and are therefore aggregated either by month or by quarter for our estimations according to the time dimension of the dependent variable. Below, we provide details on our variables and sample construction, we introduce the main terminologies used in this paper, and we discuss the univariate evidence that provides first-glance support for our hypotheses.
Treasury Futures Volume
Our main explanatory variables are the trading volumes of a range of US Treasury futures contracts differentiated by the maturity of the underlying asset. From Bloomberg, we record daily volumes of futures contracts on the 2-, 5-, 10-, and 30-year Treasury securities over our sample period. For illustration purposes, we use the abbreviations "VOLUME2," "VOL-UME5," "VOLUME10," and "VOLUME30" to denote the trading volumes of 2-year, 5-year, 10-year, and 30-year Treasury futures throughout the paper, respectively. Additionally, we refer to volumes and interest rates as being "short-term" or "long-term" in a relative sense based on the four different maturities that we examine. For instance, the trading volume of futures contracts on 2-year Treasury securities is referred to as shorter-term relative to those on the 5-, 10-, and 30-year securities; the trading volume of futures contracts on 5-year Treasury securities is referred to as shorter-term relative to those on the 10-and 30-year securities; so on and so forth. The last trading day for each contract is the business day preceding the last 7 business days of the month; the last delivery day is the last business day of the delivery month.
When collecting daily data from Bloomberg, we employ the following procedure: For each day, the data represents trading in the nearby contract until the first delivery day, at which point the series switches over to the second nearby contract. Following Brandt et al. (2007) , the trading activity in the delivery month is avoided because of settlement-induced illiquidity and the concentration of trading naturally shifting to the next nearby contract during that month.
10 This procedure allows us to obtain a continuous daily series for futures contracts on the 2-, 5-, 10-, and 30-year US Treasuries. After obtaining trading volumes at the daily level, we aggregate them by either month or quarter, depending on the dependent variable for a particular estimation, in order for futures volume data to coincide in frequency with our market-specific excess returns (measured in monthly intervals) and macroeconomic variables we examine equity markets at the aggregate level using the overall CRSP value-weighted market index (VWRETD) and the S&P 500 index (SP500). The third category contains variables that capture the conditions of the real economy and is from FRED. These include GDP growth (denoted as GGDP), consumption growth (GCONS), industrial production growth (GINDPRO), and unemployment growth (GUNEMP). Table 1 ). Note that we present our volume variables at the monthly level in Table 1 due to the time dimension of the first two categories of our dependent variables, while these cited sources are presented at the daily level. Prior literature documents that the 30-year contract activity, relative to those of other horizons, has significantly dropped during the 1995-2000 period (as in Brandt et al., 2007 , as well as evidence provided by the CME Group). Our data confirms this phenomenon.
from that captured by its short-term counterpart. Second, in terms of the contemporaneous relation between Treasury futures trading and financial market indicators, there is generally a negative relation, which is consistent with the idea that when the equity and debt markets are doing well, there is a decrease in trading on the Treasury futures markets, reflecting lower levels of hedging demand. The correlations associated with short-term volumes, however, are of significantly larger economic magnitudes. Third, the trading volume in short-term contracts exhibits a counter-cyclical pattern at the univariate level, i.e., it is negatively correlated with variables that indicate good economic conditions (i.e., the growths of GDP, consumption, and industrial production) and positively correlated with those that indicate bad economic terms (i.e., unemployment growth). Oppositely, trading activity in long-term contracts shows a pro-cyclical pattern.
Since the volume variables appear to be highly correlated in many cases, we employ orthogonalized values of them in any of our multivariate models where multiple volume variables enter into a regression model simultaneously. The orthogonalization is performed using the modified Gram-Schmidt procedure (Golub and Van Loan, 2013) .
[Insert Table II about here.] It is important to note that Table II presents contemporaneous correlations. While these univariate relations are important for describing our data, they do not necessarily paint the relevant picture for the information that futures trading activity provides for future asset prices and macroeconomic conditions.
Analysis
In this section, we present the main results of this study. First, we provide empirical support that the futures trading volumes in short-term and long-term Treasury securities are indeed signaling risk aversion at the aggregate level. Second, we show that futures volumes predict the prices of debt and equity, and macroeconomic conditions. Third, we derive a common factor using trading volumes that contains information about the future performance of the Treasury, corporate debt, and equity markets, as well as about future macroeconomic conditions.
Trading Volume, Risk Aversion, and Preference
We interpret trading volume in a certain segment of the futures market (e.g., short-term or long-term) as a result of the combination of two drivers. First, as information arrives, market participants may process the information differently due to heterogeneous beliefs (Working, 1953; Grossman, 1975 Grossman, , 1977 . Xiong and Yan (2010) suggest that such differences in beliefs facilitate transactions and thereby increase trading volume. Second, given the information content of short-term and long-term rates, investors' preferences for a certain segment of the market may be driven by their overall level of risk aversion. As investors transact in the Treasury futures market, they reveal their attitude towards risk, and in turn, convey information about market expectations regarding asset prices and macroeconomic conditions. While empirical evidence shows that short-term rates and long-term rates move in tandem over time, suggesting that the latter is somewhat an average of sequential short-term spot and forward rates, price stickiness governs a large degree of how the actual risk-return relation of an economy is factored into the determination of rates (i.e., the economic fundamentals).
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Since the dissipation of price stickiness takes time, short-term rates would less likely reflect 12 This property holds for the expectations theory and the liquidity preference theory of term structure. The time series rate movements of U.S. Government debt securities can be found in the H.15 releases of the Federal Reserve Board (http://www.federalreserve.gov/). As further support, there is an overall inverse relation between the level short-term rates and the slope of the yield curve. That is, although yield curves are almost always upward sloping, they are more likely to slope downward when short-term rates are high. Daily plots of the Treasury yield curve can be found in the "Money and Investing" section of the Wall Street Journal (Dow Jones & Co., Inc.). economic fundamentals, but instead signal more about fluctuations in the demand and supply of money that are driven by the weighing of costs and benefits of holding money, as well as by monetary policies (Keynes, 1930 (Keynes, , 1936 . Long-term rates, oppositely, would more heavily reflect fundamentals such as market expectations of economic activity and productivity, as prices are more likely to become flexible over longer horizons.
These properties imply that larger volumes in short-term futures and in long-term futures convey economically different information: Trading volume in short-term (long-term) Treasury futures is more (less) likely driven by reactions of market participants to temporary uncertainties in the economic environment, signaling a lower (higher) level of overall risk aversion (Beber et al., 2009; Guiso et al., 2015) .
Buraschi and Whelan (2016) capturing investor preferences as we argue, then we should see those predictions when using short-term and long-term volumes to estimate Treasury yields and excess returns.
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According to Buraschi and Whelan's (2016) predictions, a lower level of risk aversion that accompanies differences in beliefs (as we proxy by short-term volume) encourages speculation and introduces higher expected returns. Under this situation, the higher endogenous quantity of risk from speculation lowers the present value of future consumption, therefore increasing the relative price of current consumption and hence encouraging savings. As a result, short-term rates drop since the substitution effect from less expensive future consumption dominates the income effect, where a drop in the price of future consumption also increases current consumption due to increased wealth (i.e., purchasing power). A higher 13 Other recent studies have also linked risk aversion to consumption and savings, as well as monetary policy (Kimball and Weil, 2009; De Paoli and Zabczyk, 2013) .
level of risk aversion (as we proxy by long-term volume), oppositely, increases hedging demand and raises the drift of planned consumption today (i.e., the wealth effect dominates through the traditional channel of Lucas, 1978) .
Therefore, we expect short-term (long-term) volume to be associated with lower (higher) interest rates. If both short-term rates and long-term rates are affected, we expect volumes to have a larger effect on the former relative to the latter. Consequently, the term spread would be inversely related to risk aversion, i.e., positively (negatively) related to short-term (long-term) volume. Further, low risk aversion levels along-side differences in beliefs (i.e.,
short-term volume) should have the power to predict positive excess bond returns and high risk aversion levels alongside differences in beliefs (i.e., long-term volume) should predict negative excess bond returns.
14 [Insert Table III about here.] In Table III, 
where y t+1 is one of our lead dependent variables (e.g., yields in Panel A). V is the matrix of orthogonalized volume variables that include the 2-, 5-, 10-, and 30-year futures trading volumes, where the orthogonalization is performed using the modified Gram-Schmidt procedure (Golub and Van Loan, 2013) . For each panel, we report results for all 2-, 5-, 10-, and 30-year
Treasuries. All models are estimated in monthly intervals and include commonly accepted predictors such as default spread (denoted as DEF) and aggregate dividend yield (DIV), as captured by the matrix C. The estimations of excess bond returns further incorporate term spread (TERM) and the risk-free rate (RF), which we proxy using the 1-year Treasury yield (Petkova and Zhang, 2005; Stivers and Sun, 2010) . All models are reported using standardized beta coefficients with robust errors. The t-statistics in parentheses are corrected for autocorrelation and heteroscedasticity using the Newey and West (1987) estimator with three lags.
In Panel B, a term spread is calculated using the yield on the Treasury security with a maturity as the specific model name implies (e.g., TERM30 uses the 30-year Treasury yield), benchmarked by the 1-year yield. The excess bond returns in Panel C use the realized returns on a given Treasury security with a maturity specified by the model name (e.g., B30 uses the 30-year Treasury return) benchmarked using the 1-year yield.
Overall 
Futures Volumes and the Real and Financial Markets 3.2.1 The Effects of Volumes
We start our multivariate analysis by separately examining the predicting powers of the 2-, 5-, 10-, and 30-year Treasury futures volumes on financial markets and the real economy.
Based on our earlier arguments, we expect the relatively short-term Treasury futures volume to be counter-cyclical (i.e., it should precede inferior market performances and economic contractions) and the long-term volume to be pro-cyclical (i.e., associated with better market performances and economic expansions). We propose that the maturity of the underlying asset for Treasury futures volume contains additional information about the real economy and financial markets on top of existing, commonly accepted predictors (see Petkova and Zhang, 2005; Stivers and Sun, 2010; Chichernea et al., 2015) . To test this, we use the following model:
where y t+1 is one of our lead indicators for financial market conditions and macroeconomic indicators. For equity markets, we consider the CRSP value-weighted market return and the S&P 500 index return; for corporate debt markets, we consider the AAA, BBB, and CCC bond returns calculated using the Bank of America/Merril Lynch (BAML) Index;
for macroeconomic conditions, we consider the growths in GDP, consumption, industrial production, and unemployment. V is the matrix of volume variables that include the 2-, 5-, 10-, and 30-year orthogonal futures trading volumes; C is the matrix of control variables, including default spread (abbreviated as DEF), term spread (TERM), yield on the 1-year Treasury (RF), and aggregate dividend yield (DIV).
We report the results for the predictions of excess returns for corporate equity and debt in Table IV and the results for macroeconomic forecasts in Table V . The corresponding tstatistics in parentheses are corrected for autocorrelation and heteroscedasticity using the Newey and West (1987) estimator with three lags. All models are reported using standardized beta coefficients with robust errors.
[Insert Table IV correlates with the raw volume variables. We find that the 2-, 5-, and 10-year volumes are highly correlated with the first principal component (PC1) and that the 30-year volume is highly correlated with the second principal component (PC2). Based on these results, we refer to the first and second principal components, which together have explanatory power for 96.3% of total variance of all volumes, as the "counter-cyclical" and "pro-cyclical" components, respectively. We further take the difference between the pro-and countercyclical components and use it as our single volume factor that represents the entire set of four volume variables.
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Moving forward, in order to further control for the interdependencies among time-series processes associated with our data, we employ a vector autoregressive (VAR) system. Let z t be a vector of variables describing the economy at time t. We then estimate a VAR system of the following form:
The matrix Γ contains the estimates of the system. In all our systems to be estimated, the first element of the z t vector is one of the aforementioned indicators of financial market performance or macroeconomic condition (e.g., the growth in GDP), and the second element is the single volume factor (PC). The next four elements are control variables, as described earlier, including default spread (abbreviated as DEF), term spread (TERM), yield on the 1-year Treasury (RF), and aggregate dividend yield (DIV). To ensure that the system is stable, we confirm that the modulus of each eigenvalue of Γ is strictly less than one (Hamilton, 1994) .
The vector-autoregressive (VAR) systems for Treasury excess returns, corporate equity and debt excess returns, and macroeconomic variables are reported in Tables VII, VIII, and 17 In an earlier version of the paper, we use an alternative single factor, which we refer to as the VDIFF, simply defined as the difference between the 30-and 2-year trading volumes. While we were able to obtain qualitatively similar results as reported in the current version that uses principal components, it is largely due to the monotonicity nature of the data. As we see from the regression results reported, the shorter-term (longer-term) the maturity, the more counter-cyclical (pro-cyclical) the volume. Taking a simple difference, however, does not economically justify not using the 5-and 10-year volumes.
IX, respectively. All models are reported using standardized beta coefficients with robust errors. Based on earlier results, we expect the single volume factor (PC) to be able to predict the future performance of the financial markets and real economic activity. In the VAR estimations, we are primarily interested in the first column in each Γ matrix, which shows the standardized coefficient estimates for the volume factor and other covariates.
In Table VII , we see that a larger volume factor, i.e., a larger difference between the pro-and counter-cyclical components of volume, predicts lower Treasury excess returns (the coefficients on lagP C are negative and significant in all panels). This is consistent with our earlier findings reported in Table III and also reaffirms our interpretations of volume conveying information regarding investor expectations, differences in beliefs, and the underlying risk preferences that drive intertemporal consumption decisions (Buraschi and Whelan, 2016).
[Insert Table VII about here.] In Table VIII , we further test whether the volume PC factor is significantly associated with the performances of the equity and debt capital markets looking forward (in excess of the risk free rate). We see from Panels A and B that the volume factor and dividend In Panels C and D of Table VIII, we report results from the VAR estimates for the performances of the corporate bonds market. In this case, the futures volume difference still positively predicts the performance of the high distress corporate bonds portfolio (CCC) but does not predict the performance of the safer corporate bond index (AAA). Consistent with earlier findings in our time series analyses, the volume difference positively predicts the returns on CCC corporate portfolio. Again, this is consistent with our argument that the CCC bonds present the portion of the public debt market where uncertainty is most relevant. This is also in-line with the idea that AAA-grade bonds do not present a good investment during economic expansions. If anything, investors are more likely to close this low risk and returns positions and to search for better opportunities.
Finally, we focus on the analysis of real economic activity. Specifically, we investigate whether the difference in the pro-and counter-cyclical components (PC) of futures trading volume can predict growth in GDP (GGDP), aggregate consumption (GCONS), industrial production (GINDPRO), and unemployment (GUNEMP) using the VAR approach. This analysis is presented in Table IX. [Insert Table IX about here.] Panel A of Table IX presents the analysis for GGDP. Consistent with the estimations of debt and equity capital market excess returns, we document that our futures trading factor is positively associated with GDP growth (the estimated standardized coefficient is 0.62 and is significant at 1% level). At the same time, higher values of default spread are more likely to be associated with a decrease in GDP growth after controlling for other commonly accepted macroeconomic covariates.
We repeat the same analysis for the other variables capturing real economic activity.
In each case, PC is consistently pro-cyclical and significantly predicts the macroeconomic indicator of the following calendar quarter. According to Panels B and C of Table IX, the standardized coefficient estimates of PC for GCONS and GINDPRO are 0.65 and 0.37, respectively -both statistically significant at the 1% level. Intuitively, a one-standarddeviation increase in the volume factor predicts an almost 0.7 increase in the standard deviation of GDP growth and a 0.37 standard-deviation increase in consumption growth, holding all else equal. Similarly, Panel D of Table IX shows that the volume factor tends to decrease unemployment growth, which is consistent with the notion of PC being pro-cyclical and having predictive power.
Throughout most specifications in Table IX , default spread also consistently and significantly predicts lead real economic activity, with the estimation of industrial production being the only exception. It is, however, a counter-cyclical variable. That is, a higher DEF on average is associated with a decrease in real economic activity.
To sum, our volume factor, i.e., the difference between the pro-and counter-cyclical components derived from principals of Treasury futures trading volumes, is a pro-cyclical variable that consistently predicts lead Treasury excess returns, lead performance of the financial markets, and future real economic activity even after controlling for other commonly accepted macroeconomic factors.
Forecasting results: How long and how accurate?
To investigate the length of the Treasury futures volume forecast we run predictive regressions, where the timing of our dependent variable is set to 1 through 6, 9, and 12 months (quarters) ahead for the excess returns of the Treasury, equity, and corporate debt markets (macroeconomic variables). To ensure that the predictability is not driven by other macroeconomic variables, we also include the matrix of all aforementioned controls. We estimate the following equation:
where y t+τ is the lead financial markets or macroeconomic variable. τ presents the number of months or quarters ahead, depending on the time dimension of the dependent variable. PC, the single volume factor, is defined as the difference between the pro-and counter-cyclical components derived from principals of Treasury futures trading volumes. As before, the matrix of controls C includes default spread (abbreviated as DEF), term spread (TERM), yield on the 1-year Treasury (RF), and aggregate dividend yield (DIV). The corresponding t-statistics are based on standard errors adjusted for autocorrelation and heteroscedasticity using the Newey and West (1987) estimator with three lags.
[Insert Table X about here.] Table X presents the results from this analysis. In the first four models, we see that PC bears predictability for Treasury excess returns for up to five months forward, whereas for equity (as shown in the 5th and 6th models) the forecasting power goes as far as six to twelve months ahead, depending on the exact dependent variable being estimated. In the VWRETD model, for instance, the estimated coefficients for PC remain significant up to the sixth month; for the SP500 model, the forecasting power lasts up to the twelfth month (but only at the 10% level).
With respect to the corporate debt market, we observe that the high-risk (CCC) index return can be forecasted by the futures volume factor for five months looking forward. As in previous analyses, we do not see any obvious pattern in PC as an explanatory variable for AAA bond returns.
We also document strong predictability for the volume factor with respect to growth in various macroeconomic indicators. According to the results presented in the table, PC consistently and significantly forecasts future real economic activity over the next six quarters (one and a half years). In the case of the real economic activity (the bottom four models), the predictive power of the forecast holds for at least the one and a half years and persists after that in the case of consumption growth.
In untabulated results, we conduct out-of-sample forecasts. The analysis is similar to that seen in Ang et al. (2006) . We use the 1995 to 2014 sample period to obtain forecasts based on stable estimates from rolling windows of 36 quarters. Specifically, we first estimate the model parameters using Equation (2) between 1995:Q1 to 2003:Q4 (i.e., the first nine sample years), and then use them to forecast the dependent variable of the following quarter. For each subsequent calendar quarter, we employ the same methodology by moving the estimation window one quarter ahead. As a result, for each calendar quarter t, we form out-of-sample forecasts for the dependent variables using the same number of observations up to the quarter prior. The out-of-sample period spans from 2004:Q1 to 2014:Q2, which covers more than ten years and incorporates the sub-prime mortgage crisis period. In addition to the one-step forecasts described above, we also employ 2-4 step forecasts to ensure robustness and obtain qualitatively similar results. Overall, both our predictive regressions and our (untabulated)
out-of-sample forecasts show that Treasury futures volume can be used to successfully predict future growth in real and financial markets.
Robustness Checks
We run a battery of robustness checks to ensure the strength of our results. We generally categorize our checks into two broad categories: The first deals with alternative measures of Treasury futures trading activity (e.g., open interest rather than volume) and the second deals with alternative measures of financial markets conditions and macroeconomic activity.
The empirical results for this section of the paper are not tabulated due to space concerns, but are available upon request.
Futures Open Interest
Our results suggest that the relative importance of long and short term trading activity in the Treasury futures markets contains important information about future economic and financial conditions. Specifically, relatively more long-term Treasury futures trading activity is pro-cyclical, while short-term activity likely predicts bad times (i.e. it is counter-cyclical).
Our main results illustrate this point using either the set of orthogonal volume variables separately (VOLUME2-VOLUME30) or the single volume factor derived from principal components (PC).
To ensure that our conclusion is not driven by the particular proxy that we use for futures trading activity (i.e. volume), we repeat our main results using open interest as an alternative measure (Hong and Yogo, 2012). Specifically, we reestimate our main models using open interest data, where we introduce an alternative measure, OIDIFF, as the difference between the long-term and short-term open interest (OIDIFF). We then use this variable as the second element of a VAR system describing the economic conditions (similar to the VAR system described in equation 3 with the corresponding results in Table IX Overall, the results presented in this section help support our claim that, regardless of the proxy used to measure the relative importance of long and short term trading activity in the Treasury futures markets, this variable contains relevant information which can help us predict future economic and financial activity.
Alternative Measures of Economic and Financial Activity
Our main results pertain to proxies measuring growth in the main economic indicators (GDP, consumption, industrial production, and unemployment). For robustness, we also investigate an alternative measure of economic activity -the Chicago Fed National Activity Index (CFNAI). In short, the CFNAI is the weighted average of 85 existing monthly indicators of national economic activity, drawn from broad categories that describe (i) production and income, (ii) employment, unemployment, and hours, (iii) personal consumption and housing, and (iv) sales, orders, and inventories. 18 We observe the same pattern in the predictive behavior of long-and short-term futures trading activity -an increase in trading activity for the 30-year (2-year) Treasury futures predicts high (low) levels of CFNAI, meaning that long-term (short-term) futures trading activity acts as a strong pro-cyclical (counter-cyclical) variable.
Additionally, in terms of financial markets activity, we investigate whether our results regarding the stock market are robust for large and small stocks by using alternative benchmarks for stock market performance. Specifically, we look at the NASDAQ and NYSE indices, as well as at the smallest and largest deciles of stocks traded on each one of these markets. The results using the NASDAQ and NYSE indices support our earlier main results from Table IV .
Interestingly, when we isolate the smallest and largest deciles from each market (NS-
18
The CFNAI is available at the Federal Reserve Bank of Chicago (https://www.chicagofed.org/publications/cfnai/index). The index is constructed to have a mean of zero and a standard deviation of one. Based on the data description provided by the Chicago Fed, "Since economic activity tends toward trend growth rate over time, a positive index reading corresponds to growth above trend and a negative index reading corresponds to growth below trend." The CFNAI corresponds conceptually to the economic activity index developed by Stock and Watson (1999) . DAQ1/NSDAQ10, and NYSE1/NYSE10, respectively), we observe that the strong predictive power of the long-term volume variable seems to be driven by the effect on the largest firmsfor example, the coefficient for VOLUME30 is positive and significant for the largest deciles of NYSE and NASDAQ firms (4.08 and 9.40, with a t-statistic of 3.4 and 2.97, respectively); at the same time, this coefficient is not significantly different from 0 for the smallest deciles of firms. In contrast, the short-term volume variables seem to have a significant (negative) relation with future returns of both large and small stocks.
Additional robustness checks
We take a number of additional steps to ensure the robustness of our results. Our first concern stems from the apparent change in relative importance of trading activity of the 10-year and 30-year contract pre-and post-2000 (although the 30-year contracts had the highest volume in the early sample, after 2000 the 10-year contracts gain the first placesee discussion in Footnote 8). We repeat our main analysis using the sample after 2000 and reach qualitatively similar conclusions.
Our second concern is whether the uncertainty generated by the financial crisis affected trading activity in the futures markets and, therefore, including the financial crisis years may bias our results. We drop years 2008 and 2009 from our sample and repeat our main tests.
According to the untabulated results, we continue to document the same trends. Overall, the results are qualitatively similar in this case.
We confirm that the relation between trading volume and economic/financial activity is robust to our use of controls by repeating our main tests as base models (without the inclusion of controls). We also confirm that our difference results are not driven by the short-or long-term side of the equation by using one type of maturity contract at a time with qualitatively similar conclusions. Also, given that the face value of the 2-year futures contracts is double the face value of 30-year contracts, we repeat the analysis using the face value (amount traded) as a proxy for trading activity in the Treasury futures market and confirm our results.
One final concern relates to our interpretation of volume as a proxy for disagreement of opinion (and further more, the aggregate level of risk aversion for different segments of the market). One could think of alternative interpretations of our results -for example, the connection between volatility and volume could be explaining our results, albeit one would have to justify the differential channels for long-and short-term volumes through a volatility story (however, according to the Xiong and Yan (2010) model, divergence of opinion generates both volatility and volume so a relation between the two is to be expected). Preliminary results do show a strong connection between general volatility measures (e.g. VIX) and our volume series, especially for the 2-and 30-year volumes. Although we acknowledge that the connection between volatility and volume in the Treasury futures markets could prove to be a very interesting research area, we leave that to future research in order to not confound the focus of this paper.
Conclusions
In this study, we document that Treasury futures volume is generated by differences in investors beliefs. More importantly, we show that information contained in the futures volume varies with a maturity of the underlying Treasury contracts. Specifically, we find that a larger volume in short-term (long-term) Treasury futures is counter-cyclical (procyclical), as it precedes worse (better) performances of debt and equity capital markets This table shows the descriptive statistics of variables used in the study. The definition and construction details for each variable can be found in Appendix A. The futures contracts volume characteristics are monthly and quoted in 1000s of contracts for the nearby future. All returns variables are in excess of the risk free rate and are expressed in monthly percentages. All macroeconomic variables are expressed in quarterly percentages. The sample period is from January 1995 to July 2014 (for a total of 236 months or 78 quarters, respectively). (2016); specifically, we investigate the connection between the trading volumes of short-term and long-tern Treasury futures and Treasury yields (Panel A), term spread (Panel B), and excess returns (Panel C). The volume variables are orthogonolized as described in Section 2.3 and the coefficients presented in the table are standardized to have mean=0 and variance=1. The corresponding t-statistics in parentheses are corrected for autocorrelation and heteroskedasticity using the Newey and West (1987) estimator with three lags. *, **, and *** indicate significance at the 10%, 5%, and 1% level, respectively.The sample is monthly and the sample period is from January 1995 to July 2014.The definition and construction details for each variable can be found in Appendix A. 
where y t+1 is the lead financial markets indicator -for equity markets, we consider the complete value-weighted market returns and the SP500 index returns; for credit markets, we consider the AAA, BBB and CCC bond returns calculated based on the BofA Merril Lynch Index. The left hand side returns are in excess of the risk free rate. The volume variables included in matrix V are 2-, 5-, 10-, and 30-year futures trading volume and the control variables included in matrix C are default spread, term spread, the risk free rate and the dividend yield (DEF, TERM, RF and DIV, respectively). The volume variables are orthogonolized as described in Section 2.3 and the coefficients presented in the table are standardized to have mean=0 and variance=1. The corresponding t-statistics in parentheses are corrected for autocorrelation and heteroskedasticity using the Newey and West (1987) estimator with three lags. *, **, and *** indicate significance at the 10%, 5%, and 1% level, respectively. The sample is monthly and the sample period is from January 1995 to July 2014. Variable definitions can be found in Appendix A. 
where y t+1 is the lead macroeconomic indicator (we consider the growth in GDP, consumption, industrial production and unemployment, respectively). The volume variables included in matrix V are 2-, 5-, 10-, and 30-year futures trading volume and the control variables included in matrix C are default spread, term spread, the risk free rate and the dividend yield (DEF, TERM, RF and DIV, respectively). The volume variables are orthogonolized as described in Section 2.3 and the coefficients presented in the table are standardized. The corresponding t-statistics in parentheses are corrected for autocorrelation and heteroskedasticity using the Newey and West (1987) estimator with three lags. *, **, and *** indicate significance at the 10%, 5%, and 1% level, respectively. The sample is quarterly and it covers the period from 1995:Q1 to 2014:Q2. Variable definitions can be found in Appendix A. This table uses a VAR system to estimate the relation between excess returns of treasuries of different maturities and activity in the treasury futures market. The variables included in the VAR system are (in this order): the given maturity treasury excess returns; the principal component factor built as the difference between the first (PC1) and second (PC2) principal components (PC); the default spread (DEF); the term spread (TERM); the Risk Free rate (RF); and the dividend yield (DIV). The parameters and t-statistics correspond to the following system:
The numbers presented in the table report the VAR parameters estimated from a quarterly panel. Each panel considers a different maturity for treasury excess returns. Specifically we consider the 2-, 5-, 10, and 30-year excess treasury bond returns (B2 through B30 presented in Panels A through D, respectively). *, **, and *** indicate significance at the 10%, 5%, and 1% level, respectively. The monthly sample period is from February 1995 to July 2014. Variable definitions can be found in Appendix A. This table uses a VAR system to estimate the relation between a given financial markets proxy and activity in the treasury futures market. The variables included in the VAR system are (in this order): the given financial market proxy; the principal component factor built as the difference between the first (PC1) and second (PC2) principal components (PC); the default spread (DEF); the term spread (TERM); the risk free rate (RF); and the dividend yield (DIV). The parameters and t-statistics correspond to the following system:
The figures presented in the This table uses a VAR system to estimate the relation between a given macroeconomic indicator and activity in the treasury futures market. The variables included in the VAR system are (in this order): the given macroeconomic indicator; the principal component factor built as the difference between the first (PC1) and second (PC2) principal components (PC); the default spread (DEF); the term spread (TERM); the 3-month T-Bill (RF); and the dividend yield (DIV). The parameters and t-statistics correspond to the following system:
The figures presented in the table report 
where y t+τ is the lead financial markets or macroeconomic variable. τ represents the lead of the macroeconomic/financial variable (i.e. the number of months ahead for financial markets variables and the number of quarters ahead for macroeconomic variables) and it equals to 1, 2, 3, 4, 5, 6, 9 and 12. In each panel we report the standardized coefficient estimate on the principal component factor (β 1 ). The control variables included in matrix C are default spread, term spread, the risk-free rate, and dividend yield (DEF, TERM, TB and DIV, respectively). The corresponding t-statistics in parentheses are corrected for autocorrelation and heteroskedasticity using the Newey and West (1987) estimator with three lags. *, **, and *** indicate significance at the 10%, 5%, and 1% level, respectively. The sample covers the period from January 1995 to July 2014. Variable definitions can be found in Appendix A. 
